most common method of controlling blood lipid profile (Sashidhara, Kumar, Kumar, Srivastava, & Puri, 2010) . However, these pharmacological methods are associated with high cost of procurement, several adverse effects, and low efficacy. Previous studies have indicated that diet and particularly dietary lipids play important roles in controlling blood lipid levels. Polyunsaturated fatty acid (PUFA)-rich oils, because of their LDL-c-and triglyceride-lowering properties, have received considerable attention in prevention and treatment of hyperlipidemia and atherosclerosis. Omega-3 and omega-6 fatty acids, most documented, have been shown to increase blood HDL-c (generally described as "good" cholesterol) because of their implication in transporting cholesterol from the blood to the liver (Cantwell, 2000; Kris-Etherton & Yu, 1997; Prabhavathi Devi et al., 2018) .
Passiflora edulis, also known as passion fruit, is widely consumed worldwide and represents a good source of PUFAs and exhibits many pharmacological properties. Seeds from this fruit generally contain oil ranging from 18.5% to 29.4%. Regarding its composition, this oil generally exhibits large amounts of linoleic acid (55%-66%), oleic acid (18%-20%), palmitic acid (10%-14%), and linolenic acid (~1%). However, this oil content and chemical composition are slightly influenced by clinical factors, environment, production zone, harvest period, growing condition, and variety (Nyanzi, Carstensen, & Schwack, 2005; Tenyang et al., 2017) .
This study was designed to evaluate P. edulis seed oil from west Cameroon through assessment of its fatty acid profile, chemical properties, and hypolipidemic effect.
| MATERIAL AND ME THODS

| Plant material
Passiflora edulis was identified at the National Herbarium of Cameroon under the following code: 65104/HNC. Passiflora edulis fruits were purchased in a local market of Dschang, Cameroon, between August and September 2016. After sorting and cleaning, fruits were manually opened and seeds extracted. These seeds were washed using water and dried for two days at 45°C using a ventilated air-drying oven.
| Extraction
These seeds (dried) were ground in a Binatone brand household blender to obtain a powder prior extraction. Oil was extracted from the powder by hexane maceration, according to the Womeni et al. (2016) protocol. In principle, the power (250 g) from P. edulis seeds was macerated in 800 ml hexane at room temperature for 24 hr with constant shaking. The mixture was filtered using Whatman paper No. 1, the filtrate was concentrated on a rotatory evaporator at 40°C, and the residue was dried in a ventilated airdrying oven. The oil obtained was stored in a refrigerator at 4°C for further analyses.
| Fatty acid profile using gas chromatography
Fatty acid methyl esters (FAMEs) of P. edulis seed oil were prepared by transesterification using 2% sulfuric acid in methanol (Christie, 1993) . Two drops of this oil were mixed with 50 ml methanolic solution of sulfuric acid 2%; afterward, the mixture was heated under reflux at 95-100°C for 4 hr. After cooling, ethyl acetate was added in the flask to scavenge fatty acid methyl esters. The mixture was then transferred to a funnel and washed thrice with water. The organic phase was dried with purified anhydrous sulfate and the organic solvent eliminated by evaporation under pressure on a rotatory evaporator. Fatty acid methyl esters were collected by the addition of 1 ml of chloroform and analyzed in a gas chromatograph coupled to flame ionization detector (GC/FID).
The GC/FID analyses were performed with an Agilent (Agilent Technologies) 7890A series gas chromatograph equipped with FID detector using a DB-225 capillary column (30 m × 0.25 mm, 0.25 µm of film thickness). The column temperature was initially maintained at 160°C for 2 min, increased to 220°C at 5°C/min, and maintained for 10 min at 220°C. The gas used was nitrogen at a flow rate of 1.5 ml/min. The injector and detector temperatures were maintained at 230 and 250°C, respectively, with a split ratio of 50:1.
Identification of fatty acids was based on comparison of their retention time with that of standard reference fatty acid methyl esters (C 4 -C 20 ) performed under the same conditions. Quantification of the FAME composition was done considering the relative areas of peaks, expressed as the relative percentage of the individual area with regard to total area of compounds in the chromatogram.
| Chemical characterization of Passiflora edulis seed oil
The peroxide value of P. edulis seed oil was obtained following the spectrophotometric IDF standard method 74A: 1991 74A: (IDF, 1991 .
The iodine value essay was carried out according to the AOCS official method CD 1-25 (AOCA, 2003) . The thiobarbituric acid value was evaluated as described by Draper and Hadley (1990) .
| Animal model and experimental design
Seventy-two Albinos rats of Wistar strain were used in this study. They were bred at the animal house of the Department of Biochemistry of the University of Dschang, Cameroon. They were 90 days old, weighing between 150 and 250 g. All rats (36 males and 36 females) were individually housed in a cage under 12-hr light-dark cycle throughout the experimental period. Animals were randomly assigned to six groups of twelve rats (six males and six females) and were fed with a standard diet and water ad libitum for 1 week to stabilize their metabolism prior to experimentation.
After the acclimatization period, five of the six groups were fed with high-fat diet for one month (induction period), while the last one was fed with a standard diet. Subsequently, while maintaining a high-fat diet, rats were orally supplemented with P. edulis seed oil and olive oil (used as a control) once a day for 30 days, using a gastroesophageal tube. All experiments were carried out according to the regulations and ethical approval of the Experimental Animal Welfare and Ethic Committee of the institution. Briefly, they were distributed as follows:
• Group 1: high-fat diet + 1 ml/kg of body weight/day of distilled water;
• Group 2: high-fat diet + 1 ml/kg of body weight/day of P. edulis seed oil;
• Group 3: high-fat diet + 2 ml/kg of body weight/day of P. edulis seed oil;
• Group 4: high-fat diet + 1 ml/kg of body weight/day of olive oil;
• Group 5: high-fat diet + 2 ml/kg of body weight/day of olive oil;
• Group 6: standard diet + 1 ml/kg of body weight/day of distilled water.
The rats had free access to food and water. Their food intake and body weight were measured daily throughout the experimental period (28 days). At the end of the study, daily food intake, body weight gain, food efficiency ratio (expressed as a percentage of body weight gain/ total food intake), and growth rate were calculated.
| Lard preparation and diet composition
Lard purchased from the local market was melted in combination with unrefined palm oil in the ratio 5:3 (w/v). Palm oil was heated until loss of red color before introduction of lard. The mixture was then heated until complete solubilization of lard and cooled at room temperature, followed by filtration. A filtrate and a black solid residue were obtained from the melted lard. This filtrate was used in the composition of the high-fat diet as follows: The filtrate was mixed with a standard diet (with 1% cholesterol and 0.5% cholic acid) in the ratio 1:3 as described in the Sayin et al. (2016) protocol. The composition of each experimental diet is shown in Table 1 .
| Serum collection and lipid profile assessment
Twelve hours of fasting after the last gastroesophageal administrations, rats were slightly anesthetized and blood samples were collected from the abdominal aorta and placed into laboratory test tubes containing without anticlotting substance. Animals were promptly sacrificed by cervical vertebra dislocation, and vital organs (liver, kidney, and heart) were isolated. After 30 min at room temperature, clotting blood samples were centrifuged at 3000g for 15 min. The supernatants (sera) were collected using micropipettes and stored in Eppendorf tubes at −20°C for biochemical analyses. Atherogenic index (AI) was calculated as AI = total blood cholesterol/total blood HDL-c.
| Statistical analyses
Statistical analyses were performed using IBM SPSS Statistics for Windows (version 20). One-way analysis of variance (ANOVA) with post hoc Tukey test was performed, followed by Kruskal-Wallis test to compare the means of the six groups. Homogeneity of variances was tested using Levene's test. Correlations were done using the Pearson correlation significance test. The results were expressed as means ± standard deviations (SD), and significance was considered at p < .05.
| RE SULTS
| Physical characteristics and extraction yield of Passiflora edulis oil
The oil obtained after extraction was yellow gold in color, liquid at room temperature, with an odor characterizing the passion fruit. The oil yield was found to be 19.90%.
| Fatty acid composition of Passiflora edulis seed oil
The fatty acid composition of P. edulis oil is presented in Table 2 and Linoleic acid (C18:2) was the most represented fatty acid, with a percentage of abundance of 68.39%. It was followed by oleic acid (14.31%), palmitic acid (11.72%), and stearic acid (2.84%). The other fatty acids were present in traces (<1%). 
TA B L E 1 Composition of diets
| Chemical characterization of Passiflora edulis seed oil
The results of the chemical characterization of P. edulis oil are presented in Table 3 . The iodine value was found to be 97.4 ± 0.45 g I 2 /100 g, the peroxide value was 2.10 ± 0.20 meq O 2 /kg, and the thiobarbituric acid value was 0.25 ± 0.00 ppm.
| Effect of Passiflora edulis on food intake and growth
The effect of passion fruit seed oil on the growth characteristics of rats is shown in Table 4 . Daily food intake did not differ (p < .05) among the treatment groups but was significantly different (p < .05) from that of the group receiving the standard diet in both sexes. At the end of the experiment, the body weight gain was higher in the high-fat diet groups compared with the standard diet group, with the exception of the group treated with 1 ml/kg of body weight of olive oil which was lower than that of all the other groups in male rats, whereas in female rats, the lowest value was obtained with the group treated with 2 ml/kg of body weight of P. edulis seed oil.
| Effect of Passiflora edulis on blood lipid profile
As shown in Table 5 , rats fed with the diet enriched with lard showed deteriorated lipid profiles with significant increases in total cholesterol, VLDL, LDL-cholesterol, triglycerides, and the atherogenic index, as compared with the normal control group (p < .05). However, no significant difference was found between the level of HDL-cholesterol of animals fed with the high-fat diet (PC) and that of those fed with the standard diet (NC) though it was lower in the PC group. It was found that passion fruit seed oil and olive oil supplementation significantly decreased the levels of triglycerides (p < .05) compared with the untreated group.
Similar results were obtained with LDL-cholesterol levels, which were significantly decreased in treated animals compared with the high-fat diet group. As far as the HDL-cholesterol is concerned, its level significantly increased in treated groups compared with the high-fat diet group (p < .05) and the highest values were obtained with olive oil supplementation. However, there was no significant difference (p > .05).
The atherogenic index was significantly decreased in the treated groups 
| D ISCUSS I ON
All fruits are generally regarded as rich in some nutrients such as vitamins and carbohydrates; however, little are good sources of lipid. In this study, the extraction yield of P. edulis seed oil was 19.90%.
This value was slightly higher than that reported by Nyanzi et al. This fatty acid composition is in agreement with that obtained by Piombo et al. (2006) . The fatty acid composition of Passiflora oil permit its classify among the other unsaturated oils, which are corn oil, grape seed oil, sunflower oil, soybean oil… (Codex Alimentarius, 2009 ). The obtained fatty acid profile, which is rich in unsaturated fatty acids and poor in saturated fatty acids, is considered to be ideal for consumption as such oils have been proven to have beneficial effects in humans and animals. However, it cannot be used for frying, but will be very good for seasoning like the other polyunsaturated oils. It can also be used in the formulation of other foods such as margarine. The presence of linoleic acid at appropriate levels is crucial, since it is an essential fatty acid. The comparison of the ratio saturated fatty acids/unsaturated fatty acids to those reported by Borges, Maia, Gomes, and Cavalcanti (2007) for common oils such as peanut, corn, and soybeans was found to be similar (1/5.64 for Passiflora oil and 1/6.70 for corn oil). Dubois, Breton, Linder, Fanni, and Parmentier (2007) ranked vegetable oils according to their fatty acid composition. Based on this classification, the passion fruit seed oil belongs to the class of polyunsaturated oils.
The degree of unsaturation of oil, expressed as its iodine value, can also serve as an indicator for its suitable use. When the iodine value is high, it means that the oil is rich in unsaturated fatty acids and can easily oxidize. In such circumstances, it should not be processed at high temperature. However, when the iodine value is low, the oil is rich in saturated fatty acids and then resistant toward oxidation reactions. Such oils are suitable for frying and soap and candle production. The iodine value of passion fruit seed oil was 97.4 ± 0.45 g I 2 /100 g, which was significantly higher, but lower than the 133-141 reported by Nyanzi et al. (2005) in the Passiflora seed oils from Uganda. A decrease in the iodine value is generally attributed to the destruction of the double bonds of its fatty acids by oxidation, scission, or polymerization (Tynek, Hazuka, Pawlowicz, & Dudek, 2001 ). In addition, oils generally contain other compounds capable of promoting oxidation; this includes free fatty acids, metals, and chlorophyll (Choe, 2008) . The good quality of passion fruit seed and olive oil positively improves food intake in males. These observations are in agreement with those of Pan and Storlien (1993) , who noted that rats consuming a high-fat diet had a lower food intake than those consuming a diet supplemented with olive oil. Moreover, animals under P. edulis seed oil treatment tend to have more appetite. However, the effect of the oil dose is not noticeable. Food intake appears to be related to weight gain in induced and untreated rats. The change in body weight is low in the male and female rats consuming a high-fat diet. This indicates that this diet is of low nutritional quality and may contain elements that are not healthy and affect the growth of rats. However, the rats treated with the different doses of oils show an improvement in the growth rate, which indicates that these oils could be of good nutritional quality. The rats treated with olive oil showed a change in weight greater than that in rats treated with P. edulis seed oil. These results are in agreement with those of Pan and Storlien (1993) , who showed that olive oil improved the body weight of rats.
High-fat diet is widely used in the experimental induction of weight gain and obesity in animals, and it has been found that obesity is associated with the development of dyslipidemia and coronary heart diseases (CHDs). The major risk factor is the lifestyle: lack of physical training, smoking, excessive food intake and wrong dietary pattern leading to overweight or obesity, high blood pressure, and high level of total cholesterol, LDL-cholesterol, and triglycerides (Elmadfa & Kornsteiner, 2009) . In this study, the levels of serum total cholesterol, triglycerides, and LDL-cholesterol were in general significantly lower in the groups treated with P. edulis and olive oils compared with the high-fat diet group. However, the level of HDL-cholesterol was significantly high with P. edulis oil, demonstrating that dietary supplementation with this oil improves lipid profiles in rats. Indeed, strong evidence exists from clinical and intervention studies that the lipids in the diet are of a series of diseases or pathological conditions known as "diseases of civilization" (Mangas-Cruz et al., 2004) . The role of dietary fats in cardiovascular disease (CVD) and many other disorders has been often discussed with general conclusions that this process is not simple, but rather the consequence of complex factors. Nevertheless, each group of fatty acids has a specific role in many biologic pathways. The literature suggests that higher intakes of omega-6 (or n-6) polyunsaturated fatty acids (PUFAs) reduce the risk for coronary heart disease (CHD; Harris et al., 2009; Kermanshahi Pour, MacEachern, & Mirmehrabi, 2017) . Linoleic acid is one of the most important PUFAs in human food because of its cardiovascular preventing effect. Linoleic acid reduces serum cholesterol and LDL level (FAO, 1994) . The presence of high amounts of linoleic acid in the oil of this fruit suggests that PE seeds are highly nutritious and hence could be used in the management of hyperlipidemia. In fact, linoleic (18:2, n-6) and alpha-linolenic acids (18:3, n-3) cannot be synthesized by humans and are regarded as essential fatty acids. Sufficient dietary intake of n-3 or n-6 fatty acids is crucial to achieve nutrient adequacy and to prevent and treat chronic diseases (Simopoulos, 1999) .
Differences and variations observed between males and females can be attributed to hormonal variations generally observed in the female sex. Oestradiols, for example, significantly modify the lipid profile toward an anti-atheromatous profile. It particularly decreases the total cholesterol by increasing the HDL/LDL ratio. It also decreases plasma triglyceride concentrations and increases LDL resistance toward oxidation. This is one of the reasons why men are highly exposed to cardiovascular diseases compared with premenopausal women (Manassier, 2013) .
| CON CLUS ION
Passiflora edulis seeds from west Cameroon are a good source of vegetable oil with good proportion of omega-6 fatty acids, which could positively affect the lipid profile of rats. Administration of P. edulis seed oil to rats reduces the triglyceride, total cholesterol, and LDLcholesterol levels and increases HDL-cholesterol levels in Wistar rats. Its activity was comparable to that of olive oil.
